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(57) Abstract 




Method for testing fault current protection circuits in permanently earthed systems by producing by means of two 
mutually opposed Zener diodes a constant AC voltage whose magnitude is equal to the given maximum contact voltage 
which it is permissible to apply to the fault current protection circuits. This AC voltage, corresponding to the RMS value 
of a sinusoidal voltage, is applied to the resistance of the protective circuit, causing a fault current which, dependmg on the 
value of the earth contact resistance, wUl trip the fault current breaker if the current exceeds the fault current preaker trip- 
ping current. In order to limit the energy developed in the circuit a timer element is included which automatically breaks 
the test voltage as soon as the test has been completed. A safety device against wrong connection is also included. 
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Test Circuit for Fault Current Protection Circuits 

The present invention is concerned with a test circuit for fault 
current protection circuits of the type having a contact that is tripped 
by a fault current exceeding a predetermined value and thereby discon- 
nects the mains from the protected Installation or consumer, which test 
circuit has means for producing from the mains voltage a test voltage 
which is lower than the mains voltage and may be, for example, a voltage 
with which human contact is deemed permissible (permissible contact 
voltage), such as 50 to 65 volts, and which is applied to a protective 
circuit (chassis or earth wire). 

Fault current protection circuits are known, for example, under the 
names of FI or HFI relays. Such relays contain a summation element, 
e.g. a summation current transformer, which measures the sum of the 
currents in the supply wires to the protected consumer, e.g. an appli- 
ance or a section of an installation. If the consumer is free from 
insulation faults the sum of the currents in the supply wires will be 
zero, and no voltage, for example, will be induced in the secondary 
winding of the transformer, which serves as the measuring and tripping 
winding. If, however, there is current flow to the chassis in the 
appliance or the section of installation, or if a person touches a live 
part and thus creates an artificial path to earth, a larger or smaller 
fraction of the current — the fault current - will flow to earth via 
this path, and the current sum will no longer be zero. As a result of 
this imbalance between the currents In the supply wires a voltage is 
induced in the secondary winding of the transformer which, if the fault 
current is heavy enough, causes a relay to disconnect the mains from the 
appliance or the section of installation. The relay is dimensioned to 
disconnect the mains not later than the moment when the fault current 
reaches a value at which It begins to be dangerous (approx. 30 mA in an 
HFI relay) or, in the case of an earthed appliance, produces across the 
earthing resistance a voltage exceeding a permissible contact voltage, 
e.g. a voltage of 50 to 65 V, if the earth wire (protective wire) is 
Intact. The earthing resistance refers here to the aggregate resistance 
between an earthed consumer and earth, i,e. Including the resistance of 
the earth wire Itself and the contact resistance between an earth plate 
and earth, and the relay is to disconnect the mains from the consumer, 
at the latest, when the current flowing through the tripping coil is 
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equal to that which the permissible contact voltage can produce when 
applied to the earthing resistance. 

The protection can be made ineffective or at least inadequate not 
only by defects in the relay Itself but also by an excessive earthing 
5 resistance, as a voltage equal to the permissible contact voltage will 
then be unable to produce a current large enough to trigger the relay. 
For this reason circuits for fault current protection must be regularly 
tested . 

A previously known method of doing this is to apply to the protec- 

10 tive circuit of the protected consumer a voltage which is gradually 

Increased » e.g. by means of a test rheostat or a variable-ratio trans- 
former, until the fault current produced by the voltage causes the relay 
to operate, whereupon the voltage and current are measured by means of 
Instruments. This procedure is cumbersome and it requires the voltage 

15 and current to be measured at the exact moment when the relay operates. 
It must further be ensured that the test voltage applied does not exceed 
the permissible contact voltage. 

Another known method (cf. German disclosure no. 1 136 003) is to 
connect a choking coil with one outlet between a phase and the neutral 

20 conductor. A measuring or test voltage equal to the permissible contact 
voltage is tapped via the outlet and applied to the earth wire so as to 
produce a fault current. When the test voltage is equal to the permit- 
ted contact voltage the protective relay should operate. If this does 
not occur, the relay is faulty or the earthing resistance is too great 

25 and replacement or repair is necessary. 

Here there is no need for measuring instruments, but it Is a draw- 
back that the test voltage is not independent of the mains voltage. If 
the mains voltage fluctuates, the test voltage will also fluctuate, 
possibly to a value somewhat higher than the permissible contact volt- 

30 age, or else the tap on the coll must be moved. Furthermore, the test 
voltage applied to the protective wire (earth wire) by means of the 
known circuit is not independent of load. I.e. independent of the resis- 
tance to earth, and the range of fault current that can be covered with 
any given choking coil Is quite limited. 

35 The aim of the present invention is to provide a reliably function- 

ing circuit which, moreover, does not require the use of measuring 
instruments, but which makes it possible to test by simple means, reli- 
ably, and independent of fluctuations in the mains voltage and the load, 
the circuit for fault current protection. 
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For this purpose a circuit of the type mentioned in the ingress is 
characterized, according to the invention, in that the means for produc- 
ing the test voltage comprise a voltage stabilizer circuit which Is 
connected to the mains voltage and that the protective circuit is con- 

5 nected to the stabilized voltage output of said voltage stabilizer. 

As a consequence of the use of a voltage stabilizer, e.g. incorpo- 
rating Zener diodes, to produce the test voltage, it Is ensured that 
said test voltage will always have the same value irrespective of possi- 
ble mains voltage fluctuations, and as a consequence of the earth wire 

10 being connected to the thus stabilized test voltage source - and not to 
an outlet on a resistor or choking coil connected between one phase and 
neutral - It is further ensured that load fluctuations due to differing 
earthing resistances will have no effect on the value of the test volt- 
age. 

15 Hence the circuit according to the Invention will, if connected as 

stated, with the aid of the fault current relay cause disconnection of 
the mains voltage automatically, without the necessity to allow for 
possible mains voltage fluctuations, and without risk of elevated con- 
tact voltages, provided that the said relay and the earth wire are not 

20 defective. If the relay fails to disconnect it Is a sign that either 
the relay or the earth wire is defective or possibly that the contact 
resistance of an earth plate to earth is too great. The circuit func- 
tions without the use of measuring instruments. 

The voltage stabilizer circuit can, as indicated, be appropriately 

25 constructed of Zener diodes, preferably according to the invention of 
two Zener diodes each having a Zener voltage equal to the desired test 
voltage, e.g. the permissible contact voltage, which are connected to 
the mains voltage, wired up in series oriented in mutually opposite 
directions and in series with a 11 miter resistor, the earth wire being 

30 connected to the terminal between one Zener diode and the limiter resis- 
tor. 

Zener diodes can be subjected to quite heavy currents, and the 
circuit according to the invention, using Zener diodes as voltage- 
stabilizing devices, can therefore cover a very wide range of fault 
35 currents, so that the same test circuit can be used without modification 
to test several different fault current breakers, e.g. several different 
HFI relays or FI relays, which may have tripping currents ranging from 
0.3 A to 1 A, whereas with the abovementioned circuit disclosed in 
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German Patent No. 1 136 003 one would expect to have to use a number ot 
different choking coils. 

As Zener diodes, in particular, arelighter, less bulky, and cheap- 
er than choking coils, the circuit according to the invention makes 

5 available a test apparatus that weighs less, takes up less space, and 
costs less than known apparatuses for testing fault current breakers 
such as HFI and FI relays. 

The invention will now be more particularly described with refer- 
ence, by way of example, to the drawing, which shows in a simple and 

10 schematic fashion a circuit for testing fault current breakers. 

The letter F in the drawing denotes a phase connection, 0 a neutral 
connection, and J an earth connection. Mains voltage is applied to the 
test circuit by the activation of a manually operated contact shown as 
a pushbutton contact T. Mains current is thereby caused to pass through 

15 a series resistor R1 and through a parallel arrangement of a resistor R2 
with two series -connected Zener diodes Z1 , Z2 oriented in mutually 
opposed directions. The Zener diodes Z1 and Z2 each have a Zener volt- 
age equal to the test voltage which it is desired to apply to the pro- 
tective or earthwire circuit, which is connected to the terminal between 

20 the Zener diodes and resistor R1 , which functions as a limiter resistor, 
and it is thus effectively ensured that the voltage over the earth wire 
can never exceed this desired test voltage or measuring voltage, which 
may for example be equal to the permissible contact voltage. When this 
voltage is accordingly applied to the earth wire, a fault current will 

25 flow in this wire which will cause the fault current breaker to trip and 
disconnect the mains from the installation or appliance in question. If 
this does not occur the fault current breaker is defective or the earth 
wire is defective, possibly broken, or the contact resistance between an 
earth plate and earth is too great, so that the applied test voltage, 

30 and hence also a voltage of the same magnitude passing to earth under 
normal operating conditions, is unable to produce the fault current 
necessary to trip the fault current breaker. In order further to ensure 
that at least the test circuit operates correctly even under these 
circumstances, resistor R2 serves a load resistor to ensure that the 

35 Zener diodes are active even 1f the fault current is weak. 

For timing purposes a relay-operated breaking contact KB1 may be 
provided in series with the manually operated contact T, as shown in the 
figure. This contact KB1 , which is closed in the initial state, is 
opened by a relay 1 when a sufficiently large activating current is 
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supplied to the latter over a rectifier bridge network B1 . connected to 
mains voltage, and over an RC network R3. CI. The time at which this 
occurs, and hence the length of the test period, is determined by the 
time constant R3.C1. Inasmuch as the test period is thus limited, 

5 a limit is likewise placed on the period during which the protected 

plant can remain live if the protective circuit is defective, and fur- 
thermore a limit is placed on the energy developed in the circuit during 
a test and hence on the power for which the circuit according to the 
invention must be designed. 

10 Upon operation of contact T mains voltage is also supplied to 

a rectifier network, shown in the figure as a bridge network B2. which 
activates via a resistor R4 a relay 2 that closes the making contact 
KS2, which in the example illustrated supplies the earth wire with the 
aforementioned test or measurement voltage. As will be apparent, this 

15 contact KS2 is not strictly essential to the operation of the circuit, 
but in case of faulty connection it prevents damage from being done to 
the circuit or dangerous contact voltages from occurring before the 
contact T is operated to start the test period proper, which, whether 
under manual or relay control, is of course to be very short. 



20 
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CI aims 

1. A test circuit for fault current protection circuits of the 
type having a contact that is tripped by a fault current exceeding 

a certain predetermined value and thereby disconnects the mains from the 
protected installation or consumer, which test circuit has means for 

5 producing from the mains voltage a test voltage which is lower than the 
means voltage and may be, for example, equal to that voltage with which 
human contact is deemed permissible (permissible contact voltage), e.g. 
50 to 65 volts, and which is applied to a protective circuit (chassis or 
earth wire); characterized in that the means for producing the test 

10 voltage comprise a voltage stabilizer circuit that is connected to the 
mains voltage (F) and that the protective circuit (J) is connected to 
the stabilized voltage output of the voltage stabilizer. 

2. A test circuit as claimed in Claim 1, characterized in that 
the voltage stabilizer circuit includes a Zener diode circuit, prefer- 

15 ably with two Zener diodes (Z1, Z2) each having a Zener voltage equal to 
the desired test voltage, e.g. the permissible contact voltage, which 
are connected to the mains voltage, wired up in series oriented in 
mutually opposed directions and in series with a liraiter resistor (R1), 
the protective circuit (J) being connected to the terminal between one 

20 of the Zener diodes (Z1) and the limiter resistor (Rl). 

3. A test circuit as claimed in Claim 1 or 2, characterized by 
a timer element (1. KBU, e.g. a relay (1) activated via an RC network 
(R3, CI), which after a predetermined lapse of time from the connection 
of the test circuit to the mains breaks the connection between the mains 

25 and the test circuit. 

4. A test circuit as claimed in any of Claims 1 to 3, character- 
ized in that the protective circuit (J) Is connected via a relay contact 
(KS2), which is activated by the voltage applied to the test circuit. 
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